Introduction
============

It has long been recognized that patients with either a primary or acquired immunodeficiency are at increased risk for the development of malignant lymphomas.^[@b1-1030486],[@b2-1030486]^ Hematopoietic stem cell and solid organ transplant recipients, for example, can develop post-transplant lymphoproliferative disease (PTLD);^[@b3-1030486]^ patients infected with the human immunodeficiency virus (HIV), patients with primary immunodeficiencies and patients treated for inflammatory bowel disease (IBD) with immunosuppressive drugs all have an increased risk for developing lymphoma.^[@b4-1030486]--[@b8-1030486]^ Moreover, this complication is seen in patients with autoimmune diseases like rheumatoid arthritis (RA), primary Sjögren syndrome and systemic lupus erythematosus. However, it is not clear whether the lymphomas in these patients are triggered by chronic inflammation caused by the disease itself or by the (immunosuppressive) therapies used.^[@b9-1030486]--[@b13-1030486]^ In all the groups studied, the reported lymphomas are predominantly of B-cell origin.^[@b3-1030486],[@b5-1030486],[@b11-1030486]^

Much less is known about the development of T-cell non-Hodgkin lymphomas (T-NHL) in patients with immunodeficiencies or autoimmune diseases. For HIV patients and solid organ transplant recipients some large case series and reviews on T-NHL have been published.^[@b14-1030486]--[@b20-1030486]^ In IBD patients, the development of a specific and rare subtype of T-NHL, hepatosplenic T-NHL (HSTCL), has been associated with the use of thiopurines, either alone or in combination with tumor necrosis factor (TNF)-α inhibitors.^[@b21-1030486],[@b22-1030486]^ Even less is known about the development of T-NHL in patients with other immunodeficiencies, as only case reports and some small case series have been published.

Herein, we present a relatively large series of 25 immunodeficient patients in whom T-NHL was diagnosed in a single referral center in the period 1999 to 2014. In this cohort study, we describe the clinical characteristics of these cases and correlate them to the pathological features of T-NHL. Furthermore, we present a review of the literature on T-NHL in immunocompromised patients. To the best of our knowledge, this is the largest series of T-NHL in patients with varying causes of immunodeficiency reported so far.

Methods
=======

Histopathological material and reports from patients treated in or referred to the Academic Medical Center in Amsterdam are stored prospectively in a database. This database was queried for samples on which a T-cell receptor (TCR) gene rearrangement analysis was performed between 1999 and 2014. In our center, analysis of TCR gene rearrangement on tumor tissue is standard practice in the workup if T-NHL is suspected. In cases where the diagnosis of T-NHL was confirmed by histology, molecular testing and clinical features, the corresponding clinical data were searched for the presence of immunodeficiency prior to the diagnosis of T-NHL. For all cases, the biopsies were reviewed and immunohistochemical stains for CD2, CD3, CD4, CD5, CD8, granzyme B, PD1, CD30, ALK1, CD21, CD20, TdT, CD56 and *in situ* hybridization for Epstein-Barr virus (EBV)-encoded coded ribonucleic acid (RNA; EBER) were analyzed. If these were not performed in the routine diagnostic work-up (especially in older cases), they were additionally performed for this purpose. The lymphomas were (re)classified according to the World Health Organization (WHO) 2008 classification of lymphoid malignancies.^[@b23-1030486]^ Clinical information for all patients was collected in an anonymized database. The survival status and the cause of death were determined at the cutoff date of April 1, 2015. For staging, the Ann Arbor system was used for all patients, with the exception of those with cutaneous lymphomas, for whom the Mycosis Fungoides Cooperative Group (MFCG) tumor-node-metastasis (TNM) staging system of cutaneous T-NHL was used.^[@b24-1030486]^ Statistical analyses of the data were performed using SPSS (version 23.0 for Windows).

A search in PubMed was performed to find additional cases of T-NHL in patients with varying causes of immunodeficiency using the following search terms: "Immunocompromised", "immunodeficiency", "decreased immunity", "reduced immunity", "HIV", "autoimmune disease", "rheumatoid arthritis", "IBD", "inflammatory bowel disease", "Crohn", "ulcerative colitis", "hematologic malignancy", "Hodgkin", "Waldenström", "B-cell lymphoma", "B-cell lymphoma", and "leukemia". These terms were combined using the "AND"-function with the search terms: "T-NHL", "T-cell lymphoma", "peripheral T-NHL", "peripheral T-cell lymphoma" or "PTCL". When available, Medical Subject Headings (MeSH) terms were used. In order to be included in the review herein, the cases of patients were required to have a pre-existing immunodeficiency due to HIV, immunosuppressive therapy, hematologic malignancies or a primary immunodeficiency before they developed a T-NHL. Reference lists of selected articles were used to identify additional articles. Articles published in a language other than English were excluded. Articles using earlier published cases were checked and duplicate cases were eliminated. Since more comprehensive reviews describing case series and previously published cases are available in the literature for T-NHL occurring in solid organ transplant recipients or in HIV patients, only these papers were included.

Results
=======

Patients' characteristics
-------------------------

A total of 251 T-NHL cases were found in our histopathological database. Forty-two cases, for which no clinical data were available, were excluded (see flowchart, [Figure 1](#f1-1030486){ref-type="fig"}). Twenty-five of the remaining 209 cases (12%) were identified in patients with an immunodeficiency. [Table 1](#t1-1030486){ref-type="table"} and [Table 2](#t2-1030486){ref-type="table"} give an overview of the clinical characteristics, ordered by the underlying disorder in the latter. The majority of cases of T-NHL were found in patients with an auto-immune disease (56%). Other underlying disorders were hematologic malignancies (24%), solid organ transplantation (16%) and HIV infection (4%). Previously published case reports and case series are summarized in *Online Supplementary Table S1*, also ordered by the underlying disorder. For comparison, in our PubMed search 605 cases of immunodeficiency-related T-NHL were identified, of which 201 occurred in patients with HIV infection (33%), 197 in transplant recipients (33%), 143 in patients with underlying autoimmune diseases (24%), 55 following previously treated hematologic malignancies (9%) and nine in patients with a primary immunodeficiency (1%).

![Cases included. Flowchart of inclusion of cases of T-NHL in patients with immunodeficiencies due to an underlying disorder or immunosuppressive drugs in the period 1999--2014. AI: autoimmune; Hem. malignancy: hematologic malignancy; HIV: human immunodeficiency virus; SOT: solid organ transplantation; T-NHL: T-cell non-Hodgkin lymphoma.](103486.fig1){#f1-1030486}
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Patient characteristics.
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###### 

Patient and lymphoma characteristics, ordered by primary disorder.
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In our series, T-NHL occurred at a median age of 52 years (interquartile range 39.5--73), which is nine to ten years younger than that observed in studies on T-NHL in the general population.^[@b25-1030486],[@b26-1030486]^ Patients with Crohn's disease and HIV were younger than patients with hematologic malignancies and solid organ transplantations. This is consistent with the literature on HIV and PTLD, in which the mean/median ages reported were 38--39 and 43.5--57.5 respectively.^[@b14-1030486],[@b15-1030486],[@b17-1030486]--[@b20-1030486]^

In line with these studies, we found a male predominance (80%).^[@b14-1030486],[@b15-1030486],[@b17-1030486]--[@b20-1030486],[@b26-1030486],[@b27-1030486]^ Most patients had been treated with either immunosuppressive therapy or chemotherapy prior to the diagnosis of lymphoma (88%). For patients for whom information was available regarding the exact start date of the therapy with immunosuppressive or chemotherapeutic agents, the median interval between the start of the immunosuppressive treatment and the time of diagnosis was 76 months (interquartile range 14.3--171; N=16). In all patients for whom the duration of the drug use could be deduced from the clinical records, 60% had used one or more immunosuppressive or chemotherapeutic agents for at least two years (N=20). In all 25 patients, most (60%) had used prednisolone for varying periods. Azathioprine was used by 32%, including 86% of the patients with Crohn's disease; those for whom it was documented (7 out of 8) used this drug for longer than two years. Drugs somewhat less frequently used were chlorambucil and cyclophosphamide (both 16%), mostly by patients with hematologic malignancies, and tacrolimus (12%) by solid organ transplant recipients. A few patients had been treated with adalimumab, infliximab, rituximab, mycophenolate mofetil or sodium, a phosphatidylinositol 3-kinase (PI3K) inhibitor or pegylated interferon (PEG-INF).

In the cases reported in the literature, the use of thiopurines was also widespread (63% of all patients with autoimmune diseases and 86% of patients with IBD) ([Table 3](#t3-1030486){ref-type="table"}). TNF-α inhibitors like adalimumab, infliximab and etanercept were, in contrast to our series, the most frequently used drugs in patients with autoimmune diseases; 86% was treated a TNF-α inhibitor, often in combination with thiopurines (63% of this group). In the case reports concerning hematologic malignancies most patients were treated with a chemotherapeutic regime containing multiple agents (56%) and a few with chlorambucil only (6%) ([Table 3](#t3-1030486){ref-type="table"}).

###### 

Use of drugs in cases reported in the literature.
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Lymphoma characteristics
------------------------

An overview of the histological characteristics of the lymphomas of our patients and those reported in the literature is provided in [Table 2](#t2-1030486){ref-type="table"} and [Table 4](#t4-1030486){ref-type="table"}, respectively. T-NHL were morphologically and immunophenotypically highly variable. In our series, peripheral T-NHL (PTCL-NOS), was seen most frequently (24%), followed by anaplastic lymphoma kinase (ALK)-negative T-cell anaplastic large cell lymphomas (ALCL) (16%). There were three cases (12%) of angioimmunoblastic T-NHL (AITL), limited to the group of patients with autoimmune diseases. We saw only one case of HSTCL. This distribution was comparable to that in the general European population.^[@b26-1030486]^ However, between the subtype distribution in the reported cases and that in the general population there were some differences. Most notable were the high frequency of primary cutaneous T-NHL in the immunocompromised patients (29% *vs*. 1.7%), a more frequent occurrence of HSTCL (12% *vs*. 1.4%), and the relative lack of AITL cases (1% *vs*. 18.5%) in this group.^[@b26-1030486]^

###### 

Distribution of histologic subtypes in cases reported in the literature.
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There was no predominance of either CD4^+^ or CD8^+^ lymphomas. Of the 19 cases in which CD4/CD8 staining had been carried out, seven (36.8%) were CD8^+^, six (31.6%) were CD4^+^, three (15.8%) were CD4^+^ CD8^+^, and three cases (15.8%) were CD4^−^CD8^−^. EBER was performed in 23 lymphoma cases and the majority was negative (91.3%). EBER was positive in two cases (8.7%), one of which concerned extranodal natural killer (NK)/T-cell lymphoma and the other involving PTCL-NOS with EBV-positive T cells and concurrent EBV-positive B-cell blasts. In two other cases, both AITL, the malignant T cells were negative, but the B-cell compartment was EBV-positive. [Figure 2](#f2-1030486){ref-type="fig"} shows an example of a PTCL-NOS in a patient with B-cell chronic lymphocytic leukemia (B-CLL) as the underlying disorder.

![The hematoxylin and eosin stain shows large atypical cells in a background of small monomorphic lymphocytes. (A) The large atypical cells are positive for CD3 (B) and show loss of expression of CD5. (C) The small lymphocytes in the background are B-cells (CD20) with co-expression of CD5 (D), consistent with residual B-CLL in the background of this T-cell lymphoma.](103486.fig2){#f2-1030486}

Extranodal involvement was observed in the vast majority of patients (92%), and 16 patients (64%) showed an exclusively extranodal localization of the lymphoma. The most commonly involved organs were the bone marrow or bone, skin, liver, spleen, small bowel and lung. The heart, pancreas, peripheral blood, pelvic cavity organs and central nervous system were affected in some cases ([Table 2](#t2-1030486){ref-type="table"}). This rate of extranodal involvement is higher than the 65--72% which has been reported in the general, immunocompetent population,^[@b25-1030486],[@b28-1030486]^ and is consistent with more frequently occurring extranodal localizations of B-cell lymphomas in patients with either primary or acquired immunodeficiencies.^[@b3-1030486],[@b17-1030486],[@b29-1030486]--[@b31-1030486]^

The majority of patients had Ann Arbor stage III/IV disease at presentation (64%). The four patients staged according to the MFCG TNM staging system of cutaneous T-cell lymphomas had stage I or II disease.

Treatment and outcome
---------------------

As shown in [Table 5](#t5-1030486){ref-type="table"}, in our series lymphoma treatment was very heterogeneous due to the different histological subtypes and clinical stages of disease.

###### 

Treatment and outcome.
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After a median follow-up of six years, 15 patients had died. The median overall survival (OS) was 11.3 months ([table 2](#t2-1030486){ref-type="table"}) and the 1- and 5-year survival rates were 47% (95% confidence interval (CI) 27--67%) and 31% (95% CI 7--55%), respectively. This is somewhat lower than the 5-year survival rate reported in patients with T-NHL in the general population (38--49%),^[@b25-1030486],[@b28-1030486],[@b32-1030486]^ and consistent with a worse survival of HIV and post-transplant patients with T-NHL.^[@b14-1030486],[@b15-1030486],[@b17-1030486]--[@b19-1030486]^ Since worse outcomes have been reported for certain histological subtypes as compared to others,^[@b25-1030486],[@b26-1030486],[@b28-1030486]^ outcomes were calculated separately for the total number of patients with PTCL-NOS, AITL and HSTCL (n=10). The median OS in this group was 7.5 months with a 5-year survival rate of 20% (95% CI −6--46%), which is indeed lower than the median OS of 60 months and the 5-year survival rate of 41% (95% CI 8--74%) in patients with the remaining histological subtypes.

Twelve of the 15 deceased patients died within four months following diagnosis. The main causes of death, in those cases for which this information was available, were lymphoma progression (N=6) or sepsis (N=2). One patient developed two other malignancies and the exact cause of death remained unknown.

Discussion
==========

In the general population, T-cell neoplasms are uncommon, representing about 5 to 10% of all NHL in Western countries.^[@b26-1030486]^ While B-cell lymphomas are known to occur more frequently in transplant recipients and in patients with IBD, HIV or autoimmune diseases,^[@b3-1030486],[@b5-1030486],[@b6-1030486],[@b11-1030486]^ for T-NHL this data has not been elucidated as of yet. Since T-NHL are tumors of the immune system, akin to B-cell lymphomas, it is likely that the risk of developing a T-NHL is also increased in patients with an impaired immune system. However, a higher incidence of T-NHL has only been reported for a few specific patient groups, including HIV patients,^[@b14-1030486],[@b15-1030486]^ solid organ transplant recipients^[@b19-1030486]^ and patients with a history of coeliac disease, psoriasis or eczema.^[@b33-1030486],[@b34-1030486]^ Furthermore, a higher incidence of the rare hepatosplenic T-NHL has been documented in IBD patients on thiopurines.^[@b21-1030486]^

The present study of 25 patients is the largest case series of T-NHL in patients with varying causes of acquired immunodeficiencies published thus far. These 25 patients, diagnosed at our center between 1999 and 2014, constitute 12% of the total number of cases of T-NHL in which clinical data were available. Three of these 25 patients developed AITL, which may be accompanied by autoimmune features such as arthritis and synovitis, and can therefore resemble RA.^[@b35-1030486]^ The autoimmune diseases in these three patients were RA, polymyalgia rheumatica and sarcoidosis, which had been diagnosed 30 years, five years and three years, respectively, prior to the diagnosis of AITL. These lengthy intervals signify that it is most unlikely that they were manifestations of the AITL itself, since arthritis occurring more than six months in advance of the diagnosis is extremely uncommon.^[@b35-1030486]^

To determine whether T-NHL occurs more often in immunocompromised patients than in the general population, the prevalence of patients with an immunodeficiency within the cohort of patients with T-NHL should be compared to the prevalence of patients with an immunodeficiency in the general population. Since no data are available on the overall prevalence of immunodeficiencies in the general population, we compared the frequencies of specific underlying disorders in the Dutch context. We did this for IBD, B-CLL and RA, the three most consistent underlying disorders which we witnessed, apart from solid organ transplantation for which an association with the occurrence of T-NHL is already known.^[@b17-1030486],[@b19-1030486],[@b30-1030486]^ Based on a prevalence of IBD in 432 patients per 100,000 inhabitants in 2010,^[@b36-1030486]^ we would expect that 0.90 of the 209 T-NHL would occur in patients with IBD, compared to the seven we actually found. For B-CLL, a prevalence of 5,061 patients (average number in 2013/2014)^[@b37-1030486]^ out of a total population of 16,829,289^[@b38-1030486]^ leads to an expectation of 0.063 patients with B-CLL in our cohort, within which we identified an actual number of four patients. A similar calculation for RA, which had a prevalence of 116,000 patients in 2011^[@b39-1030486]^ out of a population of 16,574,989^[@b38-1030486]^ leads to an expected number of 1.46 compared to an actual number of 3 patients. The numbers of expected cases for IBD and RA are probably overestimated, since the prevalence of IBD and RA in the general population that we used for these calculations also included all non-treated patients, who were excluded in our case series. Regarding RA, it is known that only about 10% of the patients with this disease who are registered are treated by a rheumatologist or other medical specialist, which generally corresponds with the use of immunosuppressive drugs.^[@b39-1030486]^ Using this information, when we recalculated the expected number of patients with RA in our cohort, we found a number of only 0.146 compared to the actual number of three. The probability of observing a certain number of cases, given an expected number of cases, can be calculated *via* the Poisson distribution. By using this method, we found a probability of 4.34E-05 that at least seven cases of IBD would occur given an expected number of 0.90. The probability of at least four cases of B-CLL compared to an expected number of 0.063 is 6.24E-07. For RA the probability of three cases occurring is 0.00047 when the expected number is 0.146. These calculations, even when bearing in mind the referral bias of our center, suggest that for B-CLL patients and those on immunosuppressive drugs for the treatment of IBD and RA, the risk of developing a T-NHL is higher than in the general population.

Taking into account the additional 596 cases we found in the literature of T-NHL in patients with impaired immunity due to HIV, hematologic malignancies and immunosuppressive drugs, this observation might be extrapolated to all patients with secondary immunodeficiencies. Whether patients with primary immunodeficiencies are also at risk for developing T-NHL is less clear, since we found only nine such cases in the literature. In this particular group of patients polyclonal T-cell proliferations are seen more often than overt T-cell lymphomas.^[@b8-1030486]^

The pathogenesis of T-NHL in immunodeficient patients is unclear. In our series the majority of lymphomas were EBV-negative, suggesting that, in contrast to B-cell lymphoproliferative disorders in immunocompromised patients, EBV does not play a role in this setting. Infection by other viruses, such as human T-lymphotropic virus type 1 (HTLV1) and human herpes virus (HHV)-6, possibly plays a role in development, as is suggested for T-cell PTLD.^[@b40-1030486]--[@b42-1030486]^ Another possible mechanism is that immune dysfunction contributes to lymphomagenesis by diminished immunosurveillance when malignant mutations arise in lymphoid cells due to other causes, for instance chronic antigenic stimulation or environmental factors, including mutagenic effects of chemotherapeutic or immunosuppressive drugs.^[@b42-1030486],[@b43-1030486]^ Furthermore, a common biological basis of the first and second malignancy in hematologic malignancies has been suggested, ie., due to malignant transformation of a stem cell with the capacity to differentiate in either a B- or a T-NHL or a shared genetic predisposition for the two lymphomas.^[@b44-1030486],[@b45-1030486]^ An example of this is the ten-eleven translocation 2 (*TET2*) mutation. *TET2* is a dioxygenase that plays an important role in hematopoietic stem cells and progenitor cells by catalyzing multiple steps of 5-methylcytosine oxidation. *TET2* mutations are commonly found in myeloid cancers, in about 11.9 % of all T-NHL, particularly in AITL and PTCL, in NOS, and in about 2% of B-NHL. The same *TET2* mutations, for example, have been found in patients with AML/MDS secondary to a previous lymphoma, suggesting a shared genetic origin.^[@b46-1030486],[@b47-1030486]^ Moreover, it has been observed that *TET2* loss in mice leads to hypermutagenicity in hematopoietic stem cells and progenitor cells, resulting in an increased risk of various hematologic malignancies.^[@b48-1030486]^

Considering that most patients had been treated with immunosuppressive drugs or chemotherapy for intervals of longer than two years, it seems that prolonged treatment with these types of drugs increases the risk of malignant lymphoma development. An association between the use of thiopurines alone or combined with TNF-α inhibitors and the development of HSTCL in IBD patients has been reported previously.^[@b15-1030486]^ The majority of patients with IBD in our series and in the reported cases had been using azathioprine. It is possible, therefore, that the use of thiopurines also contributes to the development of other T-NHL.

Obviously, inherent to its retrospective design, our study has some limitations. The clinical data were not complete for all patients, thus making it difficult to assess the temporal relationship between the underlying disorders or drug use and the development of T-NHL for some. In addition, the group was too small to run subgroup analyses. Moreover, since the overall prevalence of immunodeficiencies in the general population is not known, we could only compare the prevalence of specific underlying disorders in our cohort of patients with T-NHL to those in the general population.

Conclusion
==========

The 25 cases presented herein, together with the 596 cases found in the literature of T-NHL in patients with varying causes of immunodeficiencies suggest that patients with a secondary immunodeficiency are at increased risk for the development of T-NHL. Prolonged treatment with immunosuppressive or chemotherapeutic drugs seems to contribute to the risk. T-NHL in immunodeficient patients are histologically very heterogeneous. The distribution of subtypes resembles that present in the general population, with the exception of primary cutaneous T-NHL and HSTCL, both of which have been reported more often in patients with an immunodeficiency, and AITL, which has been reported less frequently in this group. Overall, the prognosis seems worse compared to T-NHL of similar subtypes in the general population. T-NHL occur predominantly in men, and in immunodeficient patients they tend to be more often located extranodally, which is in line with B-cell lymphomas in this group of patients. In our series of immunodeficient patients, the lymphomas occurred on average nine to ten years earlier than T-NHL in the general population.

The observations in the study herein should raise awareness of the possible development of T-NHL in immunodeficient patients and challenge the prolonged use of immunosuppressive drugs in patients who are in clinical remission of their autoimmune disease.
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